Background/Aim. Suture materials play an important role in healing, enabling reconstruction and reassembly of tissue separated by the surgical procedure or trauma, and at the same time facilitating and promoting healing and hemostasis. Suture materials are used daily in oral surgery, and are considered to be substances most commonly implanted in human body. The aim of this clinical study was to examine the speed of wound healing and complications incidence, after the use of three different absorbable synthetic suture materials in oral surgery (catgut, Dexon and Vicryl rapide), and to ascertain which one is the most suitable for oral surgery. Methods. The study was conducted on 96 patients undergoing root resection or surgical extraction of third molars. Each of the suture materials (catgut, Dexon and Vicryl rapide) was used for 8 root resections and 8 surgical third molar extractions in the maxilla, as well as in the mandible (a total of 32 surgical interventions for each suture material). Results. The faster wound healing was obtained with Vicryl rapide compared to other two suturing material tested. There was no significant difference regarding the presence of local reaction in all the three groups of patients on the 21st postoperative day. Conclusion. The results of our clinical study point out that Vycrilrapid contributes more than catgut or Dexon to faster healing of human wounds, with fewer incidences of wound dehiscence and milder local reactions.
Introduction
Suture materials play an important role in healing of wounds, enabling reconstruction and reassembly of tissue separated by a surgical procedure or a trauma, and at the same time facilitating and promoting healing and hemostasis 1 . Suture materials are used daily in oral surgery, and are considered to be substances most commonly implanted in human body.
Usage of suture materials dates back to ancient Egypt, but significant development occurred in the 1960s and the early 1970s, when greatest innovations of synthetic sutures made of polyvinyl alcohol were introduced 2, 3 .
Correspondence to: Dragan Gazivoda, Clinic of Oral Surgery, Military Medical Academy, Crnotravska 17, 11 000 Belgrade, Serbia. Phone: +381 63 847 3735. E-mail: gazivoda55@gmail.com Suture materials are classified on the basis of several criteria, and these are usually origin, structure, and biological properties 4 . By origin, sutures can be natural and synthetic; by structure they can be monofilament and multifilament, while by biological properties they can be absorbable and non-absorbable.
Development of synthetic suture materials introduced a few suture materials of different characteristics, good quality and acceptable price 3 . However, ideal suture material has not been manufactured yet.
Important features of absorbable suture materials are their way of absorption and loss of tensile strength over time. Both are very important for ascertaining whether the used absorbable suture material will stay intact long enough and ensure enough strength to facilitate and promote wound healing. Superficial wound tissue usually takes five to ten days to heal, but some surgical procedures require sutures to persist 14 to 28 days 5 . However, as absorbable suture materials are dissolved under the influence of proteolytic enzymes or hydrolysis, it would be preferable not to have them remain in tissue longer than necessary.
Ideal suture material should have certain physical characteristics and properties, such as resistance to traction, dimension stability, absence of memory, knot safety and flexibility sufficient to avoid damaging oral mucosa. Furthermore, ideal suture material needs to provide limited bacterial adhesion and wound contamination. Given that no ideal suture material has been manufactured yet, sutures themselves can become the source of inflammation, which may reduce or compromise the potential for reparation and regeneration. Only a few references compare or discuss properties and quality of absorbable suture materials [6] [7] [8] [9] . Sutures used in oral and maxillofacial surgery behave differently from those used for other parts of the body due to differences in the quality of tissue involved, constant presence of saliva, high level of vascularisation and the presence of functions of speech, chewing and swallowing.
Oral surgery interventions are customarily finished by suturing surgical wound 10 , and the choice of the most appropriate suture material depends on the site and depth of tissue to stitch. Given that this type of intervention includes suturing overlying tissue, non-absorbable materials (usually silk sutures) are routinely used, which are ther removed 5-7 days postoperatively.
Sometimes, however, when it is not possible to remove the placed sutures, absorbable materials are used: in case of persons with disability, not able to cooperate, given that removing sutures would imply induction of general anaesthesia; children and soldiers positioned in remote units, without adequate conditions for revisiting and removing sutures, especially in case of emergency and in wartime 11 . There is lack of information on behaviour of these materials in oral cavity. Oral environment is characterized by numerous specificities, primarily presence of saliva [10] [11] [12] [13] , which is of variable amount, pH and contents of immunoglobulins. Besides the presence of saliva, oral cavity is characterised by: local immunogenic response, presence of saprophyte bacteria that can manifest pathogenic effects in some circumstances, accumulation of plaque on the surface of suture material (especially on knots), capillary effect and subsequent absorption of fluid by material 14, 15 . The aim of this clinical study was to examine the speed of wound healing and complications incidence, after the use of three different absorbable synthetic suture materials in oral surgery [catgut, polyglycolic acid (Dexon) and polyglactin 910 (Vicryl rapide)], and to ascertain which one is the most suitable for oral surgery.
Methods
The study was conducted on 96 patients undergoing root resection or surgical extraction of third molars. The patients were chosen randomly, paying attention to equal distribution of interventions in both upper and lower jaw (medical indication was the only criterion for choice, not sex, age or general health condition). Therefore, each of the suture materials (catgut, Dexon and Vicryl rapide) was used for 8 root resections and 8 surgical third molar extractions in the maxilla, as well as in the mandible (total of 32 surgical interventions for each suture material).
With the aim of unification of healing conditions, the same incisions were used (Rëin-Müler and Novak-Peter for root resection and standard edge cut with relaxation for surgical extractions of impacted third molars). In the postoperative period, patients were followed-up on the days 1, 3, 7, 14 and 21. The following indicators of wound healing efficiency were monitored: a) incidence of wound dehiscence (postoperative days 1, 3 and 7); b) occurrence of local tissue reaction (postoperative days 1, 7, 14 and 21).
In the postoperative period, all the patients were monitored, in specified intervals, for the presence (absence) and incidence of the following side effects: edema, hematoma, infection, as well as administration of analgesic or antibiotics.
Changes of protruding for more than 1 cm relative to the opposite side were registered as edema, and changes of mucosa color to purple were considered as hematoma. Particular attention was paid to the presence of dehiscence and local reaction (redness of the mucosa, edema, inflammation) for all the three types of suture materials.
The results are presented in tables and figures, and χ 2 test was used for determining differences in the incidence of particular change. All indicators had frequency distribution identified, with frequency differences determined with chisquare test. Differences were accepted as statistically significant if p-value was 0.05 or less.
Results
Our study was finalized by summing up the obtained results regarding the registered manifestations: dehiscence and local reactions in the postoperative period, as well as an incidence of postoperative complications, such as edema, hematoma and infections.
On the 1st postoperative day, dehiscence was registered in two patients (6.2%) with catgut applied, and not registered in the patients with Dexon or Vicryl rapide applied. By comparing all the 3 groups on the 1st postoperative day, it is ap- (Table 1) . On the 3rd postoperative day, dehiscence was registered more frequently, and it was statistically significant when comparing catgut and Vicryl rapide (Table 1) . On the 7th postoperative day, Dexon was associated with dehiscence in 10 patients, catgut in 16 patients, and Vicryl-rapid in 6 patients, which was statistically significant (Table 1) . On the postoperative day 1, the presence of some mild local reaction (mostly just redness of the mucosa and slight edema) was registered in more than 50% of the patients. Comparison of all the 3 groups on the postoperative day 1 revealed no significant difference (Table 2) . On the postoperative day 7, the presence of local reaction was still registered in approximately 50% of the patients. However, comparison of the results showed a significant difference in favor of Vicryl rapide when compared to the other two materials ( Table 2 ). On the postoperative day 14, the presence of local reaction was registered in only 3 (9.3%) of the patients with applied catgut and Dexon. The patients treated with Vicryl rapide had no local reaction. There was no significant difference when comparing all the 3 groups on the day 14. There was no significant difference regarding the presence of local reaction on the postoperative day 21 also ( Table 2) .
Fluctuation of local reactions during the postoperative period is presented in Figure 1 , and mean values of local reactions for the entire postoperative period are presented in Figure 2 .
Discussion
There are not many references comparing or discussing properties and quality of absorbable suture materials [6] [7] [8] [9] 16 . Many authors compare non-absorbable and absorbable sutures; however, just a few of them define properties of suture materials used in oral cavity. Given that there is no ideal suture material, it is necessary to conduct large number of studies that would help clinicians to consider all characteristics of suture materials, with the emphasis on biological properties and their applicability in oral cavity. Oral cavity is a specific environment relative to other human tissues, due to the presence of saliva and specific microorganisms, strong vascularisation, as well as associated functions of speech, chewing and swallowing.
On the basis of their comparative study, Filho et al. 17 concluded that polyglactin 910 is one that is preferred in dentistry. It has proved to be clinically excellent because it does not allow adherence of plaque and is well suited for handling. In addition, it shows no intensive local reaction. It is excellent clinically because it does not allow plaque adherence, being coated with Ca-stearate, which enables easy and efficient passing through tissue with minimum resistance 16, 17 . Our experiences with Vicryl are positive and agreeable with these. A shortcoming of Vicryl rapide could be a possibility of knots loosening (because it is coated). However, this deficiency may be overcome by tying more knots [3] [4] [5] . Duprez et al. 18 conducted a clinical research including surgical procedures on children's hips. Breaking of suture material was registered after 12 to 16 days. Absorption mechanism includes hydrolysis. Inflammatory reaction was obvious, with abundant macrophages containing suture material fragments. It is also possible that inflammation cells release lytic enzymes, which increase spontaneous lysis and lead to fragmentation of suture material. These authors found Vicryl-rapid to be perfect, tolerant and breaking after 12 to 16 days, with moderately present reaction of macrophages.
The objective of our study was to examine clinical characteristics of the 3 most commonly used absorbable suture materials (catgut, Dexon and Vicryl rapide). References suggested that inflammatory tissue reaction is strongest with catgut. Our research results showed the highest level of inflammatory response in the observation period -on the postoperative days 3, 7, 14 and 21 -with Dexon, then with catgut, and the lowest with Vicryl rapide.
Shaw et al. 19 conducted a prospective study in which patients with oral surgery reported by mail the moment when absorbable stitches disappeared from their mouth. A study of this type is interesting, but not very significant, given that patients gave personal subjective perception of the moment of suture absorption, which did not necessarily need to be authentic.
Search for ideal suture material does not imply only biological compatibility, but also good clinical behaviourresistance to traction, dimensional stability, low memory effect, good knot security and good flexibility with mild capillary effect 20 . Wallace et al. 21 compared polyglycolic acid, silk, chromic and flat catgut used on 52 respondents. Tissue reaction was studied and classified clinically and histologically on the days 3, 5, 7 and 14 after oral surgical intervention. Polyglycolic acid stitch (Dexon) caused the mildest tissue reaction, milder than silk, chromic and flat catgut. Besides suggesting easier stitching with Dexon than with silk, they said that Dexon stayed present in tissue after implanting for 16-20 days; catgut was absorbed in 3-5 days, and chromic in 7-10 days. According to these authors, Dexon seems to have properties closer to ideal suture material than any other tested.
Besides being conditioned by the degree of local reaction, time of absorption of suture material is also conditioned by the quantity of present electrolytes, as well as by basal metabolism. The only logical explanation for misbalance in absorption time of Dexon lies in the fact that Wallace et al. 21 equals disappearing of knot from oral cavity with absorption, which does not necessarily imply the moment of complete absorption of suture material, since it can be registered only with histopathological examination, which was not indicated as the method used in that study.
Our study confirms that Vicryl rapide provokes mildest local reaction, while most severe local reaction is not caused by catgut, but by Dexon, which differs from most other study results and manufacturers' information. It is also confirmed that Vicryl rapide contributes to faster healing of wounds in humans, with the lower incidence of dehiscence and milder local reactions than with applied catgut or Dexon. Besides these manifestations, it is important that intensity of local reaction stays as mild as possible (low antigenic potential), with the least possible wound dehiscence. Statistically significant difference regarding the incidence of dehiscence on the postoperative day 3 was visible when catgut and Vicryl rapide were compared, being more rare with application of Vicryl rapide. Occurrence of local reaction on the postoperative day 7 presented statistically significant difference when comparing catgut and Vicryl-rapid and Dexon and Vicryl rapide.
In oral surgery, sutures are usually removed 7-10 days upon implanting, when differences between materials do not seem to be very significant. However, some patients who do not cooperate and do not have sutures removed may benefit from using absorbable sutures with best characteristics. Moreover, histopathological examination, a part of our experimental study already performed 11 , confirmed that Vicryl rapide has the best results, again approving the results of this clinical study.
Conclusion
It seems that Vicryl rapide has the best properties of the available absorbable suture materials for application in oral surgery.
The results of our clinical study point out that Vicryl rapide contributes more than catgut or Dexon to faster healing of human wounds, with fewer incidences of wound dehiscence and milder local reactions.
